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In an inverted market, current prices are higher than future prices and thus the price of 
storage is negative. Market inversions as nlrasured with futures spreads rarely occur during 
early months o f  the crop year. However, market inversions frequently occur across crop 
years and near the end of the crop year. In the last half of the crop year, market inversions 
clearly reflect a signal to sell stocks. Too few inversions occur early in the crop year to 
reach a definitive conclusion for that period. Behavioral finance offers possible explana- 
tions of why producers would hold stocks in an inverted market. 
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A principal theory of futures markets tells that 
futures prices for storable commodities should 
be higher than spot prices by not more than 
the carrying charges. Carrying charges repre- 
sent the cost of storage, primarily warehousing 
and insurance cost plus interest foregone. If 
the spot price is too low relative to the futures 
price, a cash-and-carry arbitrage opportunity 
arises and the trader who engages in arbitrage 
reaps a riskless profit. Thus, in a normal mar- 
ket, a futures price spread is limited by arbi- 
trage to the full cost of carry. 
However, this theory is not always sup- 
ported by empirical evidence. A puzzling phe- 
nomenon in ~lctual commodity markets is that 
processors and ~nerchandisers routinely hold 
inventories in the face of inverse carrying 
charges. In an inverted market, a commodity's 
price for future delivery is below the price for 
immediate delivery and intertemporal arbi- 
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trage conditions fail to apply. Under market 
inversion, because the price spread in futures 
markets Pails to cover commodity-holding 
costs, stockholders apparently gain negative 
returns to storage. 
This aspect of c o n ~ n ~ o d i t y  markets was first 
noticed by Working (1934) while studying the 
price relationships between old- and new-crop 
wheat futures at Chicago. He observed that 
nationwide wheat stocks are held even when 
the intertemporal spread (price of storage) is 
inverted and argued that the price of storage 
depends o n  the aggregate level of stocks. Lat- 
er. Working's findings were represented by the 
supply-of-storage curve. which shows that, the 
hr ther  the spotlfutures spreads are below full 
carrying chasges, the less stocks are held. 
Traditionally, there were two ma-ior theo- 
ries explaining the phenomenon of market in- 
version. The risk premium theory of' Keynes 
holds that speculators must he compensated 
for taking risks in the form of a risk premium. 
In markets where speculators are predomi- 
nantly short. the futures price is biased down- 
ward relative to the expected future spot price 
by the amount of a risk premium. According 
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to Keynes, the futures price should rise over 
time to equal the expected future spot price at 
expiration. On the other hand, the convenience 
yield theory, tirst etnployed by Kaldor, main- 
tains that, when processors and merchandisers 
hold stocks readily available at hand, they re- 
ceive bcnetits that do not accrue to the holders 
o f  futures contracts. 
Recently, alternative explanations for mar- 
ket inversions have been suggested, notably in 
articles by Wright and Williams; Benirschka 
and Binkley; and Brennan, Williams, and 
Wright. According to their view, the apparent 
relationship between market inversions and re- 
turn to storage is caused by mismeasurement. 
Wright and Williams, and Brennan, Williams, 
and Wright argue that market inversions may 
occur when the stocks o f  very similar but eco- 
nomically distinct commodities in terms o f  
grade or location are aggregated into a com- 
posite, while the prices for the commodities 
are represented by a single price. Brennan, 
Williams, and Wright also suggest that the 
rnarket inversion may be caused by the prob- 
ability o f  a stock out. Benirschka and Binkley 
argue that "storage at a loss" illusion exists 
becau\e the opportunity costs o f  \torage are 
overestimated by using grain prices at the cen- 
tral market. not at the storage locations. Frech- 
ette and Fuckler examined Benirschka and 
Binkley's proposition, i.e.. the location of 
stocks matters in the intertemporal price rela- 
tionships o f  storable commodities for the U.S. 
corn market and found mixed empirical sup- 
port. 
A market inversion appears to be a situa- 
tion where the market is begging producers to 
sell, yet many continue to store their stocks. 
Hurt argues that a market inversion is indeed 
a signal to sel I. Behavioral finance (Kahnernan 
and Riepe; Kahneman, Slovic, and Tversky) 
offers explanations for why producers choose 
to hold excess stocks when the market is in- 
verted. 
The studies cited above rationalize the niar- 
ket inversion well but have not provided mea- 
surements o f  the frequency o f  market inver-- 
sions or evaluated marketing strategies bafed 
on market inversions. The primary objective 
o f  the study is to determine whether inverted 
commodity futures markets are a signal for 
producers to sell. First, the frequency o f  mar- 
ket inversions in corn, soybeans, and wheat 
markets will be determined by comparing 
nearby futures price spreads with the contem- 
poraneous costs-of-carry. Then  regression 
analysis will be used to determine the situa- 
tions in which the market inversions occur. Fi -  
nally, simulations will be conducted to see i f  
inverted markets are a signal for producers to 
sell. 
Theory 
Market inversion describes n market situation 
in which thc spot price exceeds the futures 
price or a nearby futures price exceeds a dis- 
tant futures price. The theory o f  the price o f  
storage, which explains intertemporal price re- 
lationships between spot and futures with re- 
spect to the cost o f  carrying a commodity, was 
tirst proposed by Kaldor. Following Kaldor, 
Working ( 1938. 1949); Brennan (1958, 1991); 
Telser: F~l~ila and French (1987, 1988); Wil- 
liams and Wright: and Deaton and Laroque 
( 1992. 1996) have elaborated on the theory o f  
storage. 
The theory o f  the price o f  storage incor- 
porates the main arguments from the conve- 
nience yield and risk premium theories. It ex- 
plains the price difference between spot and 
futures in terms o f  interest foregone in storing 
a commodity (the opportunity cost o f  storage), 
physical storage costs, risk premium, and con- 
venience yield for holding stocks. Let F(t, T )  
be the futures price at time t for delivery o f  o 
commodity at time T; Sit) be the spot price at 
time t; S(t)R(t, T )  be the interest foregone dur- 
ing storage; W(t,  T )  be the physical storage 
costs; P(t ,  T )  be the risk premium; and C(t,  T )  
be the convenience yield. Then the price o f  
storage (basis), F(t, T )  - S( t ) ,  is defined as 
The price o f  storage or basis, Fit, T )  - S(t),  
can be interpreted as the return to storage from 
time period t to T ( t  < T ) ,  i.e., the return from 
purchasing the commodity at t and selling it 
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for delivery at T. The  interest foregone, 
S(t)R(t, T ) ,  is  the opportunity cost o f  holding 
stocks, i.e., the opportunity cost o f  investing 
cash in the commodity stock now rather than 
using a futures contract. The  physical cost o f  
storage, W ( t ,  T )  is the sum o f  rent for storage 
space, handling or in-and-out charges, insur- 
ance. transport, etc. T h e  physical cost o f  stor- 
age increases with the quantity o f  stocks held 
by a firm. However, the ~iiarginal physical cost 
o f  storage for an additional unit o f  stocks is 
approximately constant for a wide range o f  
stocks less than total storage capacity. Beyond 
the level at which the total storage capacity is 
almost fully utilized. the marginal physical 
cost o f  storage will rise sharply because o f  the 
large fixed costs required to construct adtii- 
tional storage facilities. 
The risk premium is a compensation for the 
risk o f  monetary loss on the stocks held. It is 
often assumed to be paid in the form o f  a per 
unit insurance charge included with W( t ,  T ) .  
Brennan incorporated the risk premium idea 
o f  Keynes into the components o f  the cost o f  
storage. He argued that the market must o f f e r  
a risk premium to encourage firms to hold 
stocks. Later, Telser found no evidence o f  a 
risk premium separate from the physical cost 
of storage, meaning that the physical cost o f  
storage W(t, T )  also includes the risk premium. 
T h e  convenience yield, C(t. T ) ,  refers to  a 
stream o f  implicit benefits that accrues to  the 
owner o f  a physical stock but not to the owner 
o f  a contract for future delivery. Stockholders 
earn the convenience yield because stocks on 
hand allow them to  respond more flexibly and 
efficiently to unexpected supply and demand 
shocks. Where  stocks are held, regular cus- 
tomer demands can be met and sudden arid 
unexpected increases in tielnand can be ac- 
commodatcd without disrupting production 
schedules. The  convenience yield may be 
thought o f  as a negative price o f  storage in 
that it reflects the benefits rather than the cost 
o f  stockholding. These benefits are most sig- 
nificant when stocks are scarce. W h e n  stocks 
are abundant. the marginal convenience yield 
approaches zero because the scarcity value o f  
stocks is minimal. Empirical evidence pre- 
sented by Working (1948,  1949), Telser, Fama 
and French ( 1987, 1988), and Brennan ( 199 1)  
also suggests that the convenience yield is a 
decreasing (convex)  function o f  stocks. It de- 
clines with increases in stocks but at a decreas- 
ing rate, dCldX < 0 and i)'ClilX2 > 0, where X 
is the amount o f  stocks held. 
Although the risk premium and conve- 
nience yield are not directly observable in 
equation ( I ) ,  w e  maintain them as variables 
separate from the cost o f  storage to stress the 
theory's argument. The  theory o f  the price o f  
storage also applies to the relationships be- 
tween two futures contracts o f  different deliv- 
ery months. First, notice that ration211 expec- 
tations impl ies  E , ( S ( N ) )  = F(t ,  N ) ;  i.e., 
expectations at time t o f  the spot price in the 
nearby future N are given b y  the price o f  the 
nearby futures contract quoted at t ime t and 
maturing at time N,  F(t ,  N ) .  Similarly, E,(F(N. 
D ) )  = F(t .  D )  holds. Also,  
( l a )  F(N,  D )  - S ( N )  
follows directly from equation ( I ) ,  where t  < 
N < D. 
Taking expectations at t ime t in equation 
( l a ) ,  w e  obtain that the price o f  storage or 
spread between the nearby and distant futures 
contracts is 
= F(t, N ) K ( N ,  D )  + W(N, D )  + P(N,  D )  
- C(N, D) .  D > N, 
where F(t ,  D )  is a distant futures price quoted 
at time t ,  maturing at time D, and F(t. N )  is a 
nearby futures price quoted at time t, maturing 
at t ime N ( D  > N ) .  Thus,  F(t, D )  - F(t, N )  
is the market spread 01- the return to storage 
from time period N to D. F(t, N ) R ( N ,  D )  is 
the opportunity cost o f  holding stocks for the 
period N to  D. W ( N ,  D )  is the physical costs 
of storage from time N to  D. P(N, D )  is the 
risk prernium for holding stocks for the period 
N to D. C(N.  D )  is the convenience yield sris- 
ing from stockholding from time N to  D. 
W h e n  stocks are sufficiently low, the the- 
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ory of the price of storage predicts a negative 
price of storage (negative spread) or market 
inversion because the convenience yield over- 
whelms the sum of interest foregone. storage 
costs, and risk premium. On the other hand, if 
the stock levels are sufficiently high. the con- 
venience yield is negligible and the price of 
storage (spread) is essentially the \urn of in- 
terest foregone, storage costs, and risk pre- 
miurn. Here, one testable hypothesis generated 
by the theory of the price of storage is that 
markets will be inverted when stocks are low. 
When markets are inverted, a negative 
price of storage (negative spread) can be in- 
terpreted as a market signal that encourages 
tirnis to release their stocks into consumption 
channels. Under market inversion, i t  is best for 
stockholders to sell their stocks now because 
storage only occurs at a very high opporti~nity 
cost. Another testable hypothesis from this ar- 
eument is that producers will receive the high- - 
est expected returns by selling stock5 rather 
than storing when markets are inverted. 
The theory of the price of storage can ex- 
plain why processors and livestock feeders 
would hold stocks even when the price of stor- 
age is negative. But the theory cannot explain 
why grain producers woulci continue to hold 
stocks when the price of storage is negative. 
Behavioral tinance theory (Kahnernan and 
Riepe) offers a possible explanation. The three 
aspects of behavioral finance that offer possi- 
ble explanations are anchoring, overconti- 
dence, and regret. 
Anchoring occurs when a producer i.; re- 
luctant to revise long-held opinions in the face 
of new information (Rrorsen and Anderson). 
For example, a producer may follow a strategy 
of storing corn on a farm and selling after the 
new crop is planted, regardless of market sig- 
nals. In a short-crop year. even a small portion 
of farmers anchored to a fixed strategy could 
cause a market inversion. 
Overconfidence refers to the natural ten- 
dency of people to overestimate their own 
abilities. Both Eales et al. and Kenyon have 
confirmed that farmers greatly overestimate 
the accuracy of their own price forecasts. 
Thus, farmers [nay hold stocks because they 
expect higher prices and incorrectly believe 
that their price expectations are more accurate 
than the market's price expectations. 
The regret from having made a mistake is 
a dominant human emotion. The regret from 
an action is much greater than the regret froin 
inaction. Selling grain in response to market 
signals is an action, so selling and having the 
price go up would generate more regret than 
not selling and having the price go down. 
When the grain is stored on the farm. there 
will be 21 cost of delivering the grain. This 
cost. which nlay differ greatly by individual, 
coi~ld cause the producer to not sell in an in- 
verted market and still remain rational. For ex- 
ample, scarce labor may be better ~lllocated to 
other activities such as livestock enterprises, 
corn planting, or a vacation in Floricia. There 
could be a physical constraint such as snow. 
mud, or the producer's tl-uck needing repair. If 
an individual's storage cost was low, govern- 
ment loan programs could provide an incen- 
tive to store because. by selling, the producer 
wo~lld be giving up the real option value im- 
plicit in a loan program. The point is that some 
individuals may choose not to sell in an in- 
verted market because of behavioral reasons, 
but others Inny have economic reasons. 
Data 
The agricultural commodities selected for the 
analysis of market inversion in futures prices 
are corn, soybeans, and wheat. Futures price5 
from the Chicago Board of Trade are obtained 
t'roni the Anrzucll Rcy,or-t of the B o u r ~ l  of' Trucle 
of' I ~ P  City of Cl~ic,ugo and from a computer 
database compiled by Technical Tools, Inc. 
Futures price is the closing price of the cor- 
responding contract month observed on the 
tirst trading day of each calendar month. The 
sample period extends from 1957 through 
1999 for corn and from 1958 through 1999 for 
wheat and soybeans. A long time series is 
needed because market inversions occur infre- 
quently. Before 1957, only nearby futures con- 
tracts were reported and a lot of observations. 
e.g., March futures prices, were missing. Thus. 
this study could not go back further in time. 
For the same periods with the futures price 
series. monthly cash grain prices were ob- 
tained from the National Agricultural Statistics 
Service. The cash prices are U.S. monthly av- 
erage prices received by farmers and are de- 
noted in dollars per bushel. The average price 
is the open-market price resulting from divid- 
ing the total dollars received by all farmers by 
the total quantity sold. U.S. monthly average 
prices are computed by weighting monthly 
prices by the estimated percentage of monthly 
sales during the month by state. U.S. quarterly 
grain stocks and grain supply and demand data 
are also from the National Agricultural Statis- 
tics Service. 
The cost-of-carry or carrying charge from 
the perspective of off-farm, commercial stor- 
age consists of two components: physical stor- 
age costs charged by elevators and the interest 
opportunity cost. Cornrnercial grain storage 
rates over the 1970-1999 period, character- 
ized as variable cost only, were obtained from 
the Oklahoma Cooperative Extension Service 
at Oklahoma State University. The prevailing 
commercial grain storage rates in recent years 
are commonly cited as 2.5-2.6 cents per bush- 
el per month (Jackson, Irwin, and Good; Kas- 
tens and Dhuyvetter). To create an historical 
time series of storage costs for the period 
1957-1 969, the average commercial grain 
storage cost of 2.55 cents per bushel per 
month is deflated using the producer price in- 
dex (PPI) from the Bureau of Labor Statistics. 
The U.S. prime loan rates from the Federal 
Reserve Bank of St. Louis are used to calcu- 
late the opportunity or interest costs for stored 
grain. 
Procedures 
The market spread, defined as the differ- 
ence between two futures prices. can be con- 
structed within and across crop years. The 
spread between futures prices for nearby and 
distant delivery dates is defined by 
where Spretr~l(t) is the spread between two fu- 
tures prices observed at time t ,  F( t ,  D) repre- 
sents the futures price of a distant delivery 
month at time t ,  and F(t ,  N) represents the 
futures price of a nearby delivery month at 
time t. For corn, the December-March spread 
in December; the March-May spread in Jan- 
uary, February, and March; the May-July 
spread in April and May; and the July-Sep- 
tember spread in June and July are examined. 
In futures contract months for corn, December 
represents harvest, March represents preplant- 
ing, May represents planting, July represents 
the middle of the growing season, and Sep- 
tember represents the late growing season or 
early harvest. For soybeans, the November- 
January spread in November, the January- 
March spread in December and January, the 
March-May spread in February and March, 
the May-July spread in April and May, the 
July-August spread in June and July, and the 
August-September spread in August are ex- 
amined. For wheat, the July-September spread 
in July; the September-December spread in 
August and September; the December-March 
spread in October, November, and December; 
and the March-May spread in January, Feb- 
ruary, and March are examined. 
The cost-of-carry or carrying charge nec- 
essary to carry the commodity from the near- 
by delivery date to the distant delivery date is 
(4 )  CC(r, ( N ,  I ) ) )  = F(t, N)[c'' , \ '))  - I ]  
where CC(t, (N, D)) is the carrying charges 
from N to I )  at time t; F(t,  N) is a nearby 
futures price quoted at titne I; [er(N.l') - 1 1 is 
the continuously compounded rate of return 
for the period N to D, which is R(N,  D)  in 
equation (2); and W(N,  D) is the physical cost 
of storage from time N to D. 
Using equations (3) and (4), this study mea- 
sures the extent to which the market spread be- 
tween futures prices for nearby and distant de- 
livery dates falls below full carrying charges. 
The degree of being below full carry is classi- 
fied into six categories based on the percentage 
of market spread to the cost-of-carry or carrying 
charge. The frequency of market inversions is 
identified using information on the percentage 
of market spread to the cost of carry. 
An empirically testable hypothesis drawn 
from equations ( I )  and (2) is that, when stocks 
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Table 1. Summary Statistics for Futures Price Spreads, 1957-1999 
No. Standard 
Commodity Month Spread Observations Mean Deviation Minimum Maximum 
Corn December Dec-Mar 43 2.24 2.42 -0.75 18.25 
January Mar-May 43 2.34 1.9 1 -2.00 12.25 
February Mar-May 43 2.27 2.64 -9.88 13.00 
March Mar-May 43 2.47 2.94 -6.50 14.75 
April May-Jul 33 1.39 2.94 -- 12.75 12.25 
May May-Jul 43 0.96 3.80 -2 1.75 1 1 .SO 
June Jul-Sep 43 -2.84 10.42 -77.25 9.25 
July Jul-Sep 43 -2.29 15.00 - 122.75 3 I .25 
Soybeans November Nov-Jan 42 4.10 4.77 -3.00 29.50 
December Jan-Mar 32 3.74 4.69 -4.75 33.25 
Jarluary Jan-Mar 42 3.79 4.48 -4.13 27.50 
February Mar-May 42 3.15 5.52 -23. 13 26.00 
March Mar-May 42 3.37 6.38 -37.00 24.75 
April May-Jul 4 2 2.50 5.40 -22.25 25.50 
May May-Jul 32 1.42 11.14 8 0 . 8 8  23.75 
June Jul-Aug 3 7 -5.43 18.47 -98.50 7.25 
J U I Y  J U I - A U ~  37 -1.57 11.13 -51.00 15.00 
August Aug-Sep 3 7 - 1 1.0 1 24.80 - 128.00 10.00 
Wheat July Jul-Sep 42 2.63 3.35 -6.00 19.50 
August Sep-Dec 42 3.14 4.15 - 14.25 3 1 .OO 
September Sep-Dec 42 3.38 4.26 -6.00 29.50 
October Uec-Mar 42 2.13 4.46 - 15.00 25.25 
November Dec-Mar 42 1.90 5.3 1 - 18.50 25.25 
December Dec-Mar 42 1.75 5.74 - 16.00 30.75 
January Mar-May 42 -2.34 7.66 -29.50 10.50 
February Mar-May 42 -2.20 8.44 -37.50 15.25 
March Mar-May 42 -0.99 9.07 -44.25 13.50 
are low, the price of storage (basis o r  spread) (5) S ~ r e a d ,  = P,, f P,ln(C)S,! + P?iin~ + E , ,  
becomes negative and markets will be  invert- 
ed. To determine the relationship between the 
spl-ead and the level of stocks, market spreads 
are regressed on the logarithm of U.S. quar- 
terly stocks: 
' Extensive literature deals with the relationship be- 
tween the price of storage (spread) and the level of 
stocks. With the difficulty in defining and accurately 
measuring the relevant inventory, a major difference 
among the studies lies in the measurement of the level 
of stocks. Telser showed that the price of storage is 
determined by the total marketable stocks rather than 
the total level of existing stocks. Weymar stressed that 
the expected level of stocks between two futures' time 
periods is more in~portant than the current levcl of 
stock for the determination of the price of storage for 
two clistant futures contracts. GI-ay kind Peck demon- 
strated that the price of storage i h  determined by the 
current stocks readily available for delivery rather than 
by thc tvlnl levcl of currenl stocks. 
where In(QS,) is the natural logarithm of U.S. 
quarterly 4tocks. time is measured a s  year mi- 
nus initial year in the series, and F ,  is the error 
term. Market \pread\ and stocks have time 
trends and show some degree of autocorrela- 
tion. Spreads tend to grow due to inflation and 
U.S. quarterly stocks tend to increase due  to 
increases in crop production over the years. 
Regressing one  trending variable against an- 
other trending variable alone may result in too  
high of an  estimated regression coefficient. 
Thus, a time variable is  incorporated to isolate 
in p, the effect of  stocks on market spreads. 
Each q~iarterly stock estimate is  analyzed 
with respect to the spread corresponding to the 
nearest futures contract. For example, Decem- 
ber stocks for corn are compared with Decem- 
ber-March spreads on December 1, March 
Table 2. Summary Statistics for Spreads as a Percentage of Contemporaneous Costs-of-Carry, 
1957-1999 
No. Standard 
Commodity Month Spread Observations Mean Deviation Minimum Maximum 
Corn December Dec-Mar 43 0.77 0.32 -0.06 1.60 
January Mar-May 43 0.7') 0.38 -0.5 1 1.54 
February Mar-May 43 0.76 0.64 -1.46 1.73 
March Mar-May 43 0.86 0.58 -0.96 1.91 
April May-Jul 43 0.53 0.57 -1.17 1.71 
May May-JuI 43 0.40 0.72 - 1.83 1.80 
June Jul-Sep 43 -0.7 1 1.55 -6.69 1.10 
July JulLSep 43 -0.53 2.02 -9.78 3.72 
Soybeans November Nov-Jan 42 0.8 1 0.43 -0.26 1.66 
December Jan-Mar 42 0.7 1 0.39 -0.38 1.44 
January Jan-Mar 42 0.70 0.4 1 -0.90 1.41 
February Mar-May 42 0.54 0.68 -3.12 1.14 
March Mar-May 42 0.64 0.8 1 -3.97 1.47 
April May-Jul 42 0.39 0.63 -2.64 1 .08 
May MLI~-JLII 42 0.23 1.34 -7.25 1.10 
June Jul-Aug 37 -0.87 2.3 1 - 12.22 0.77 
July Jul-Aug 37 -0.45 1.73 -6.58 2.01 
August Aug-Sep 37 -2.22 3.65 - 15.03 1 .OS 
Wheat July Jul-Sep 42 0.73 0.19 -0.70 1.45 
August Sep-Dec 42 0.9 I 0.48 -1.16 1.47 
September Sep-Dec 42 0.96 0.47 -0.42 1.54 
October Dec-Mar 42 0.6 1 0.52 -0.90 1.32 
November Dec-Mar 42 0.53 0.66 - 1.41 1.27 
Deccmber Dec-Mar 42 0.47 0.74 - 1.97 1.37 
January Mar-May 42 -0.57 1.19 - 2.60 1.20 
February Mar-May 42 -0.5 1 1.34 -3.66 1.27 
March Mar-May 12 0 .  I7 1.42 -4.35 1.86 
stocks are compared with March-May spreads 
on March 1, and June stocks are compared 
with July-September spreads on Jurie 1 .  Be- 
cause the quarterly grain stocks estimates are 
based on the stock levels as of the first day of 
December. March, June, and September, the 
spread-stock relationships are synchronous. A 
similar regression was also used in coffee and 
cocoa futures markets (Thompson) and energy 
futures markets (Cho and McDougall). 
When markets are inverted, stockholders 
apparently gain negative returns to storage due 
to inverse carrying charges. Thus, the recom- 
mended strategy is 'sell the stocks.' To cleter- 
~nirie whether a market inversion is a signal to 
sell stocks, simulations are conducted.' 
' Besides true market inversions. wc consider the 
Simulation strategies considered are cash 
sale, unhedged storage. and hedged storage. 
To compare the results of three strategies, net 
returns to each strategy are evaluated at a fu- 
ture date. i.e., when the hedge for a hedged 
storage is lifted. The hedge is lifted on the 
first trading day of the delivery month for the 
distant futures contract. For example, in the 
December-March spread for corn observed 
on December 1, the hedge initiated on De- 
cember I is finally lifted on March 1. For this 
study, the producer is assumed to produce 
5.000 bushels of corn, soybeans, or  wheat. 
situation where the nearby spread ro thc cost-of-carry 
falls below 0.25%. Although this relaxes  he market 
inversion definition somewhat, it allows for slightly 
larger data scts. Results are similar i n  both circu~n- 
stances. 
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Table 3. Occurrences of Spreads as a Percentage of Contemporaneous Costs-of-Carry, 1957- 
1999 
Percentage (56) of Market Spread to Cost-of-Carry No. 
Observa- 0 < U/o 0.25 < (%- 0.50 < % 0.75 < % 
Month Spread tions O < % < 0.25 < 0.50 < 0.75 < 1.0 5% > 1.0 
Corn 
Dec Dec--Mar 43 2 1 13 14 1 0  ? 
Jan Mar-May 43 1 1 8 6 17 1 0 
Feb Mar-May 43 2 I 6 1 1  12 1 I 
Mar Mar-May 43 4 1 2 8 6 22 
A P ~  May-Jul 43 7 4 8 Y 9 6 
May May-JuI 43 I 0 7 8 6 5 7 
Jun Jul-Sep 43 25 2 7 5 3 I 
Jul Jul-Sep 43 2 1 4 2 9 5 2 
Soybeans 
Nov Nov-Jan 42 2 3 5 10 9 13 
Dee Jan-Mar 42 - 7 2 h 13 12 7 
Jan Jan-Mar 42 3 2 4 10 14 9 
Fcb Mar-May 42 4 2 6 14 12 4 
Mar Mar-May 42 3 3 3 10 13 10 
A P ~  May-Jul 42 3 Y 9 10 9 2 
May May-Jul 42 8 4 7 8 1 I 4 
Jun Jul-Aug 37 2 1 4 4 7 1 0 
Jul Jul-Aug 3 7 17 3 6 3 7 I 
Aug Aug-Sep 37 24 4 2 5 1 1 
Wheat 
Jul Jul-Sep 42 3 4 h 5 9 15 
Aug Sep-Dec 42 I 3 1 6 9 22 
Sep Sep-Dec 42 3 O 3 4 I I 2 1 
Oct Dec-Mar 42 5 2 Y 5 1 1  10 
Nov Dec-Mar 42 8 4 4 5 10 I 1  
Dec Dec-Mar 42 10 h 2 3 8 13 
Jan Mar-May 42 26 2 I 6 5 -I 
Feb Mar-May 42 23 2 5 - 7 4 6 
Mar Mar-May 42 19 1 5 2 6 9 
The simulation strategies are summarized as 
t'ollows: 
1.  Cash sale: At the beginning of each cal- 
endar month, if faced with a market inversion, 
the producer will sell 5,000 bushels of grain. 
The cash price examined in this study is U.S. 
average prices received by farmers during the 
month the cash co~nmodity is sold. Interest is 
d e at  ~lccrued to the proceeds from the cash s, 1 
a continui)usIy compounding rate. Thus, net 
returns to cash sale is calculated as the sum of 
cash price sold and the accrued interest. 
2. Unhedged storage: This strategy in- 
volves storing the cash corn~nodity without us- 
ing any hedging instrument. Returns to un- 
hedged storage are determined by the levels of 
cash prices. This strategy is used as the bench- 
mark against which cash sale and hedged stor- 
age are evaluated. 
3. Hedged storage: At the beginning of 
each calendar month, if faced with a market 
inversion. the producer will sell one lot (5,000 
bushels) of distant futures contract. O n  the 
first trading day of the delivery month for the 
distant futures contract, the hedge is lifted and 
the cash commodity is sold. Returns to hedged 
storage are dependent o n  changes in the cash 
pricc relative to changcs in the futures pricc. 
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Futures transaction costs, including brokerage 
fees and liquidity costs, are assumed to be 1.5 
cents per bushel, or 75 dollars per contract. 
To cornpare the net returns to  the three 
marketing strategies, paired-differences tests 
are conducted. The paired t-tests are based on 
the following three pairs of strategies: ( I)  cash 
sale versus unhedged storage (CS-US), (2) 
cash sale versus hedged storage (CS-HS). and 
(3) unhedged storage versus hedged storage 
(US-HS). 
As with all simulations, an adequate num- 
ber of observations to fully specify the distri- 
bution of net returns to each strategy are a real 
matter of concern. Because the ti-ue market in- 
versions with negative spreads are expected to 
rarely occur during early months of the crop 
year, the number of observations in this study 
may not be large enough to meet the desired 
number of observations from statistical sam- 
pling theory. Thus, besides running simula- 
tions under a true market inversion, this study 
repeats the analysis under conditions where 
the market spread as a percent of the cost-of- 
carry is below 0.35. Simulations were con- 
ducted with Oklahoma wheat cash prices to 
see if the aggregation of prices mattered. Re- 
sults were qualitatively no different (a little 
more statistical significance), and thus the 
Oklahoma wheat results are not included. 
With the aggregated data, this study re- 
gresses the actual returns to storage (unhedged 
and hedged) on the predicted returns to storage 
and a set of dummies representing the distance 
to harvest. The actual returns to unhedged 
(hedged) storage arc con~puted by subtracting 
the returns to cash sale l'rom the returns to 
unhedged (hedged) storage, and the predicted 
returns to storage are the corresponding fu- 
tures price spl-eads. 
Results 
Table 1 reports summary statistics for the mar- 
ket spreads of soybeans, corn, and wheat. Be- 
cause the length of spreads is not of equal time 
intervals, they are standardi~ed to reflect equal 
spread length of 1 month. To calculate the 
mean value o f  spreads per month. spreads are 
adjusted by dividing by the number of months 
Table 5. Regressions of Percent of Spreads to Costs-of-Carry on Stocks-to-Use Ratio, 1957- 
1999 
No. 
Commodity Month Spread Observations B,, 01 R' 
Corn December Dec-Mar 43 0.654 (6.93)" 0.001 (1.41) 0.05 
March Mar-May 43 0.640 (3.72)" 0.008 (1.48) 0.05 
May May-Jul 43 0.230 (1.05) 0.006 (0.88) 0.02 
July Jul-Sep 43 -0.660 ( - 1.07) 0.005 (0.25) 0.00 
Soybeans November Nov-Jan 42 0.860 (5.73):': -0.004 (-0.4 1 ) 0.00 
March Mar-May 42 0.667 (2.36)" -0.002 (-0.10) 0.00 
May May-Jul 42 0.1 58 (0.34) 0.005 (0.18) 0.00 
July Jul-Aug 3 7 -0.869 ( -  1.33) 0.029 (0.72) 0.01 
Wheat July Jul-Sep 42 0.407 (2.95):k 0.006 (2.74)" 0.16 
September Sep-Dec 42 0.620 (4.78)*' 0.006 (3.04)" 0.19 
December Dec-Mar 42 0.050 (0.23) 0.007 (2.28)* 0.  I I 
March Mar-May 42 -0.342(-0.78) 0.003 (0.46) 0.01 
Note: The estimated regression equation is '7rc.r1rry, = p,, i- P,SUK,  + 9, .  where 'Pc.l~r~.!, i s the percentage of 111arket 
spread to the cost-or-carry. SUR, is the stocks-to-use ratio, and E ,  is the error term. The stocks-to-use  ratio I S  calculated 
as the ratio of end-of-crop-year stocks (ending stock>) to the 5-year moving average of total use. The figure5 in 
parentheses are I-~tatistics. with " indicating statistical significance at the 5% level. 
Table 6. Simulation Results for Corn, 1957-1 999 
Perccnt Carry < 0.25 Percent Carry < 0 
Obser- Obser- 
Month Spread Strategy vations Mean SD vations Mean SD 
- 
December Dec-~Mar Cash sale 3 275.59 45.06 2 251.49 24.03 
Unhedged storage 3 276.33 46.06 2 254.00 35.36 
Hedged storage 3 271.08 5 1.25 2 241.50 1.41 
January Mar-May Cash sale 2 229.87 124.53 I 141.81 - 
Unhedgcd storage 2 213.50 74.25 I 161.00 - 
Hedged storage 2 236.38 142.31 1 135.75 - 
February Mar-May Cash sale 3 215.05 69.53 2 203.78 94.39 
Unhedged storage 3 223.00 55.75 2 215.00 76.37 
Hedged storage 3 206.33 60.91 2 186.25 70.7 1 
March Mar-May Cash sale 5 267.35 85.80 4 252.45 91.3 1 
Linhedged storage 5 283.40 95.89 4 270.75 105.79 
Hedged storage 5 256.83 70.23 4 240.34 69.03 
April May-Jul Cash sale 1 1  242.20 87.67 7 270.44 80.68 
Unhcdged storage 1 1 244.73 93.1 1 7 274.86 87.31 
Hedged storage 1 1  235.22 80.00 7 256.23 66.58 
May May-Jul Cash sale 17 228.93 89.91 10 235.37 89.35 
Unhedged storage 17 227.82 91.46 10 235.80 94.06 
Hedged storage 17 219.55 85.63 10 225.85 81.00 
June Jul-Sep Cash sale 27 214.76 85.15 25 2 l 1.92 87.84 
Unhedged storage 27 197.89 77.64 25 197.20 80.73 
Hedged storage 27 209.05 90.97 25 205.46 93.72 
July Jul-Sep Cash sale 25 207.83 92.70 21 219.09 93.22 
Unhedged storage 25 193.76 82.89 21 205.10 83.46 
Hedged storage 25 197.11 84.32 21 206.76 84.71 
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Table 7. Simulation Results for Soybeans, 1958- 1999 
Percent Carry < 0.25 Percent Carry < O 
Obser- Obscr- 
Month Spread Strategy vations Mean SD vations Mean SD 
November Nov-Jan Cash sale 5 514.89 129.46 2 496.13 37.18 
Unhedged storage 5 547.80 115.87 2 528.50 82.73 
Hedged storage 5 519.15 121.66 2 51 1.63 43.66 
December Jan-Mar Cash sale 4 586.2 1 200.59 2 495.83 296.38 
Unhedged storage 4 623.50 243.56 2 535.50 369.82 
Hedged storage 4 588.75 206.93 2 484.13 290.09 
January Jan-Mar Cash sale 5 503.35 166.16 3 472.69 227.06 
Unhedged storage 5 540.60 192.27 3 558.33 264.47 
Hedged storage 5 48 1.88 164.27 3 442.04 218.94 
February Mar-May Cash sale 6 549.83 165.63 4 515.87 198.01 
Unhedged storage 6 610.50 212.35 4 614.00 273.44 
Hedged storage 6 532.67 148.87 4 493.88 171.59 
March Mar-May Cash sale 6 493.70 208.43 3 455.30 168.10 
Unhedged storage 6 536.17 260.29 3 538.67 279.47 
Hedged storage 6 492.65 208.03 3 473.79 199.24 
April May-Jul Cash sale 12 496.85 192.72 3 466.29 195.36 
Unhedged storage 12 484.58 183.14 3 504.67 236.19 
Hedged storage 12 471.72 215.97 3 367.63 212.98 
May May-Jul Cash sale 12 578.15 246.08 8 615.61 296.54 
Unhedged storage I ?  525.17 19 1.26 8 540.50 198.71 
Hedged storage 12 542.22 241.05 8 570.36 270.84 
June Jul-Aug Cash sale 25 525.91 235.37 21 539.25 240.53 
Unhedgedstorage 25 484.04 195.83 21 494.00 199.40 
Hedged storage 25 516.69 238.28 21 530.62 244.48 
July Jul-Aug Cash sale 20 474.75 197.56 17 492.95 202.95 
Unhedged storage 20 453.20 182.62 17 469.00 188.60 
Hedged storage 20 172.86 199.06 17 489.99 206.33 
August Aug-Sep Cash sale 28 5 18.66 199.82 24 488.73 200.00 
Llnhedgerl storage 28 486.32 177.21 24 457.25 173.97 
Hedged storage 28 498.29 9 3 6  24 461.82 179.77 
between the near and distiuit futures. For ex- 
ample, the mean o f  the December-March 
spread for corn is adjusted by  dividing b y  the 
spread interval o f  3 months. T o  measure the 
volatility o f  the spreads per month, spreads are 
adjusted by dividing b y  the square root of the 
spread length and subsequently computing the 
standard deviation o f  the adjusted spreads. 
From Table 1 ,  it can be observed that there 
is a seascmal pattern in the mean o f  spreads 
for all three commodities. In general, the mean 
value o f  the spreads declines from the begin- 
ning o f  the crop year to  the end o f  the crop 
year. Mean spreads are greatest after harvest 
or during early months o f  the crop year, then 
decrease to  minimums ~und even go negative 
on  average during the growing season or just 
before the new harvest. Negative spreads, or 
inverse carrying charges, are consistently ob- 
served in the July-September spread for corn, 
the July-August and August-September 
spreads for soybeans, and the March-May 
spread for wheat. For corn and soybeans, the 
July futures contract is the last consistently 
old-crop contract. T h e  September fut~n-es con- 
tract may be a new-crop contract i f  harvest 
starts early enough and thus is o f ten  treated as 
a transitional contract between old and new 
crop. T h e  results confirm that, in grain rnar- 
kets, market inversions are most frecluent be- 













Jul-Sep Cash sale 
Unhedged storage 
Hedged storage 
Sep-Dec Cash sale 
LJnhedged <torage 
Hcdged storage 
Sep-I)ec Cash salc 
Unhedged storage 
Hedged storage 
Dec-Mar Cash salc 
Unhcdged storage 
Hedged storage 
Dec-Mar Cash sale 
Unhedgetl storage 
Hedged storage 
Uec-Mar Cash salc 
Unhedged storagc 
Hedged storage 
Mar-May Cash sale 
[Jnhedged storage 
Hedged storage 
Mar-May Cash sale 
Unhedged storage 
Hedged storage 
Ma]---May Cash sale 
Unhedged storage 
Heclgcd storage 
Percent Carry < 0.25 Percent Carry < 0 
Obser- 
vations Mean SD 
Obser- 
vations Mean SD 
tween the last of the old-crop delivery months 
and the first of the new-crop delivery months. 
i.e.. across crop yeass. Contrary to the behav- 
ior of mean spreads, the volatility of the 
spreads has a tendency to increase from har- 
vest to  the end of the crop year. For example, 
t he  standard deviation of  the December- 
March spread for corn in December is 2.42 
while the standard deviation of the July-Sep- 
tember spread for corn in July is 15.00. 
Table 2 presents summary statistics for 
spreads as percentage of contemporaneous 
costs-of-carry. The  mean of the spread to cost- 
of-carry ratio falls below one for all spreads, 
indicating that grain markets on average are 
below full carry. The highest ratio is 0.96 in 
the  September-December wheat  fu tures  
spread observed in September. 
Table 3 exhibits the occurrences of spreads 
as a percent of contemporaneous costs-or-car- 
ry at various levels. Market inversions in near- 
by spreads rarely occur during early months 
of the crop year. The theory of the price of 
storagc also predicts that negative spreads be- 
tween two new crop futures contracts are less 
likely to occur bccause stocks are usually 
plentifi~l after harvest, and thus convenience 
yields are small. On the contrary. the number 
of observations with the pel-cent of cost-of- 
carry greater than one, i.e., above fill1 carry, 
is relatively large. This implies that there exist 
substantial cash-and-carry arbitrage opportu- 
nities because the cost-of-carry is too low rel- 
ative to the rnarket spl-ead. One reason for be- 
ing above fill1 carry is that the fixed cost 
component of grain storage costs is missed in 
Table 9. Results of the Paired-Differences Tests for Corn, 1957-1999 
Percent Carry  < 0.25 Percent Carry  < 0 
Paired Obser- Obser- 









































Notes: CS-CIS de~~o tc s  the paired difference of net returns hetwccn the cash sale (CS) and unhcdged storage (US). CS- 
HS denotr  thc paired difference o f  net returns between the cash sale (CS) and hedged storage (HS), and US-HS 
denote the paired differcr~ce of net returns hrt\vc.cn the unhedpcd storage (IJS) and hedged storage (HS). The /-ratio 
i \  I = ((7 - 0 ) l ( . s ~ ~ l n ) l 1 ' ,  where (7 is the axerage of the paired diffcrences (0,) of the net returns between two marketing 
\trategics, 11 is the number of paired clil'ie~-enccs. and 
Asterisks denute rejection of the null hypothesis of no difference at the 5% significance level 
calculating the cost-of-carry. and thus the cost- 
of-carry is underestimated. Another possible 
reason is that market spreads m a y  reflect risk 
prernia with buildup in stocks after new-crop 
harvest or during early months of the crop 
year. 
Table 4 reports the regression results for 
spreads against U.S. quarterly grain stocks. 
The R2 values are very low, ranging from .02 
in the March-May spread for wheat to .25 in 
the September-December spread for wheat. 
The slope terms are almost always statistically 
significant. There is a tendency for regressions 
during early months of the crop year to fit bet- 
ter than the regressions toward the end of the 
crop year, suggesting that the spread-stock re- 
lationship is more pronounced when stocks are 
abundant. Overall. the results support that 
there is a positive relationship between the 
spread and the level of stocks, and thus when 
the stocks are scarce, the spread becomes neg- 
ative and markets are inverted. 
Table 5 sumiuarizes the regressions of the 
spread percentage of cost-of-carry 011 the 
Table 10. Results o f  the Paired-Differences Tests for Soybeans. 1958-1 999 
Percent Carry < 0.25 Percent Carry < 0 
Paired Obser- Obrer- 
Month Spread Difference vations Mean t-Ratio vations Mean t-Ratio 
November Nov-Jan CS-US 5 -32.91 -2.3 1 "  2 -32.37 -1.01 
CS-HS 5 -4.26 -0.62 2 - 15.50 -3.38" 
US-HS 5 28.65 9 -. 09:': 2 16.88 0.6 1 
December Jan-Mar CS-US 4 -37.29 -0.95 2 -39.67 -0.76 
CS-HS 4 -2.54 -0.29 2 11.71 2.63" 
CIS-HS 4 34.75 0.80 2 5 1.38 0.9 1 
January Jan-Mar CS-US 5 -37.25 -0.83 3 -85.74 - 1.52 
CS-HS 5 2 1.47 1 ,97" 3 30.55 2.40" 
US-HS 5 58.73 I .06 3 1 16.29 1.69 
February Mar-May CS-US 6 -60.67 - 1.33 4 -98.13 - 1.63 
CS-HS 6 17.17 1.69 4 2 1.99 1.46 
US-HS 6 77.83 1.52 4 120.13 1.76 
March Mar-May CS-US 6 -42.46 -1.17 3 -83.36 - 1.22 
CS-HS 6 1 .Oh 0.07 3 -18.49 -0.78 
US-HS 6 43.52 1.69 3 64.88 1.39 
April May-Jul CS-CIS 12 12.27 0.89 3 -38.37 - 1.35 
CS-HS 12 25.13 0.74 3 98.67 0.70 
US-HS 12 12.86 0.32 3 137.04 0.97 
May May-Jul CS-US 12 52.98 1.92 8 75.1 1 2.05" 
CS-HS 12 35.93 0.99 8 45.25 0.82 
US-HS 12 - 17.05 -0.46 8 -29.86 -0.54 
June Jul-Aug CS-US 25 41.87 2.7 1 " 2 1 45.25 2.49" 
CS-HS 25 9.23 1.19 2 1 8.63 0.94 
LJS-HS 25 -32.65 - 1.64 21 -36.62 - 1.55 
July Jul-Aug CS-US 20 21.55 2.64"' 17 23.26 2.47" 
CS-HS 20 I .89 0.23 17 2.26 0.23 
US-HS 20 - 19.66 - 1 .50 17 -20.99 - 1.36 
August Aug-Sep CS-US 28 32.34 2.83" 24 3 1.48 2.36'" 
CS-HS 28 20.38 2,37*: 24 26.9 1 3.59* 
LJS-HS 28 - 11.96 - 1.25 24 -4.57 -0.5 1 
Notei: CS-US denote\ the pi~irecl dil'ference of net returns between the caih \ale (CS) and unhcdgcd storage (US), 
CS-HS denotes thc paircd difference o f  net returns between the cash sale (CS) and hedged atorage (HS), and US-HS 
denotei the paired difference 01' net returns between the unhedged slorage (US) and hedged >torage (HS). The t-ratio 
i \  r = ((1 - O)/(.S~/IZ)"', where 2 is the average of the paired difference\ (d,) o f  the net return> between two marketing 
strategies, n i \  the number of paired differences. and 
Asterisks denote rejection of the null hypothesis of n o  difference at the 5"r' significance level 
stocks-to-use ratio. The results show that none market spreads do not closely approximate the 
o f  the regressions for corn and soybeans arc price o f  storage relationships when regressed 
statistically significant at the 5% level. Three on the ending stocks. 
regressions for wheat are statistically signifi- Tables 6, 7 ,  and 8 report the results o f  sim- 
cant at the 5% level, yet their overall explan- ulations when markets are inverted, and Tables 
atory power is low because R' values are ex- 9 ,  10, and 1 1  report the results for the corre- 
tremely small. The findings suggcst that the sponding paired-differences tests. Across three 
Table 11. Results of the Paired-Differences Tests for Wheat, 1958- 1999 
Percent Carry < 0.25 
Paired Obser- 
Month Spread Difference vations Mean t-Ratio 
July JLII-Sep CS-US 7 -43.49 - 1 .SO 
CS-HS 7 -9.40 - 1.21 
US-HS 7 34.09 1.13 
August Sep-Dec CS-US 4 5.70 0.29 
CS-HS 4 47.95 1.99" 
US-HS 4 42.25 1.09 
September Sep-Dec CS-US 3 11.11 0.77 
CS-HS 3 10.61 0.64 
US-HS 3 -0.50 -0.02 
October Dec-Mar CS-US 7 2.92 0.22 
CS-HS 7 28.22 -. 7 62" 
US-HS 7 25.30 1.23 
November Dec-Mar CS-US 12 0.68 0.08 
CS-HS 12 23.1 1 2.38" 
US-HS 12 22.43 1.48 
December Dec-Mar CS-US 16 6.20 1.57 
CS-HS 16 19.02 2.91" 
US-HS 16 12.82 1.71 
January Mar-May CS-US 28 13.95 1.69 
CS-HS 28 1 1.54 2.05:" 
US-HS 28 -2.41 -0.22 
February Mar-May CS-US 25 12.80 1.36 
CS-HS 25 12.58 2.00" 
US-HS 25 -0.22 -0.02 
March Mar-May CS-US 20 7.3 1 0.85 
CS-HS 20 8.30 1 .9H4' 
US-HS 20 0.98 0.07 
Percent Carry < 0 
Obser- 
vations Mean t-Ratio 
Notes: CS-US ~lenote\ the paired difference of net returns between the cash sale (CS) and ~inhcdged storage (US), CS- 
HS denotes the paired difference of net returns between the cash sale (CS) and hedged storage (HS), and US-HS 
denvte\ the paired dirterence of net returns between the ~ ~ n h e d g e d  storage (US) and hedged storage (HS). The r-ratio 
is 1 = ( d  - O ) l ( . ~ ~ l n ) " ' ,  where (/ is the average of the paired difference\ ( d , )  of the net returns hetween two mai-keting 
wategies, n  is the number of paired differences, and 
Asterisks clenotr rejection of the null hypothesis of no difference at the 5% significance level 
commodities, net returns to cash sale become 
higher than net returns to unhedged storage 
and hedged storage with the approach of a 
new harvest. 
The results of paired-differences tests for 
corn (Table 9) show that net returns to cash 
sale are greater than those of unhedged storage 
or  hedged storage after May. The results of 
paired-differences tests for soybeans (Table 
10) show that returns to cash sale are consis- 
tently higher than returns to unhedged storage 
after April. The results of paired-differences 
tests for wheat (Table 11) show that returns to 
cash sale are consistently higher than returns 
to storage aftel- November. One reason that net 
returns to hedged storage should be  lower than 
the returns to cash sale is the costs associated 
with trading futures contracts. 
Table 12. Regressions o f  Actual Returns to  Storage on .the Predicted Returns to Storage Under 
a Market Inversion. 1957- 1999 
Return\ to No. 
Commodity Storage Observations Po PI  R' 
Corn Unhedgcd (US-CS ) 72 1.71 (0.48) 0.87 (4.83)" 0.25 
Hedged (HS-CS) 7 2 -5.53 (- 1.23) 0.45 (2.02)d: 0.06 
Soybeans Unhedged (US-CS) 87 1.66 (0.17)  1.57 (3.8 1 )::' 0.16 
Hedged (HS-CS) 87 1.85 (0.24) I .63 (5.22):'' 0.24 
Wheat Unhedged ( U S - C S )  98 1.45 (0.22) 0.82 (0.91) 0 . 0 3  
Hedged (HS-CS) 98 -2.46 ( 1.42) 1.39 (4.24)*' 0.16 
Notes: US-CS denotes the diffet-ence o f  net returns between unhedged storage (US) and cash sale ( C S ) ,  i.e.. actual 
returns to unhedgctl storage. and HS-CS denotes the difference of net returns hetween hedged storage (HS) and cash 
scrle ( C S ) ,  i.c., aclual retul-ns to hedged storage. Asterisks drliotc rejection of the null hypothesis uf 11~1 difference at 
the 5% significance level. 
T h e  results from simulation\ when markets before the new harvest. In contrast, the vola- 
are inverted show that, as the end o f  the crop tility o f  spreads measured b y  the standard de- 
year approaches. a market inversion is clearly viation o f  spreads has a tendency to  increase 
the market's signal t o  release stocks in antic- from harvest to  the end of the crop year. T h e  
ipation o f  new crop supplies. However, it is spreads as a percentage of contemporaneous 
not conclusive whether a market inversion is costs-Of-carry are l e s s  than one on average, 
a signal to  sell during early months o f  the crop indicating that gra in  murkets on average are 
year due to the low frequency o f  market in- below full carry ,  
versions. 
Table 12 presents the regression results for 
actual returns to  storagc against predicted re- 
turns to storage. There exists a positive rela- 
tionship between actual returns to  storage and 
predicted returns to  storage except for the un- 
hedged storage for wheat. T h e  result for wheat 
may come fro111 the difference in  crop variety. 
Whi le  the wheat futures contract traded on  the 
Chicago Board o f  Trade is based on soft red 
winter wheat, U.S.  monthly cash prices aggre- 
gate all varieties and qualities. T h e  results sug- 
gest that as predicted returns to  storage, i.e., 
spreads, get srnaller or even go negative, the 
actual returns to  storage decreases and thus 
support the argument that a market inversion 
is a signal t o  sell. 
Conclusions 
As opposed to  a normal market, an inverted 
market has a negative price o f  storage or 
spread. Futures price spreads for corn, soy- 
beans, and wheat exhibit a wasonal pattern. In 
general, spreads gradually decline from the 
start o f  the crop year and even go negative on 
average at the end of the crop year or just 
Market inversions in nearby spreads rarely 
occur during early ~non ths  of the crop year. 
However.  market inversions b e c o m e  pro- 
nounced when the spreads are observed across 
crop years at the end o f  the crop year or just 
before the new harvest. 'The regressions o f  
spreads on the logarithm o f  U . S .  quarterly 
stocks show that markct inversions are Inore 
likely when stocks are low. 
A market inversion appears t o  be a situa- 
tion where the market encourages producers to 
release their stocks, yet many continue t o  store 
their grain. T h e  simulations were conducted to  
determine whether a market inversion is a sig- 
nal to  sell the stocks. T h e  results o f  the paired- 
differences tests reveal that in at least the last 
half o f  the crop year. market inversions are the 
market's signal for producers to  sell their 
grain. W h i l e  some farmers may choose not to 
sell for economic reasons. the behavioral f i -  
nance aspects o f  overcontidence, anchoring, 
and regret also o f f e r  explanations o f  why  some 
farmers d o  not respond t o  these signals. 
[Recvivecl August 2001: Accepted Mtrj. 2002.1 
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